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CONTENTS OF VOLUME 111 


Number 17 
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Reproductive impairment of sea urchins upon chronic exposure to cadmium. Part |: Effects on gamete quality 
D.W.T. AU, C.Y. LEE, K.L. CHAN, R.S.S. WU (Hong Kong) 
Gamete quality for male sea urchins was reduced by chronic exposure to cadmium. 


11. Reproductive impairment of sea urchin upon chronic exposure to cadmium. Part Il: Effects on sperm development 
D.W.T. AU (Hong Kong), A.A. REUNOV (Russia), R.S.S. WU (Hong Kong) 
Cytological distortion of sperm tails and mitochondria/midpiece may explain the adverse effect of cadmium on sea urchin sperm. 
21 Rapid reductive dechlorination of atrazine by zero-valent iron under acidic conditions 
T. DOMBEK, E. DOLAN, J. SCHULTZ, D. KLARUP (USA) 
The effect of pH on atrazine dechlorination via metallic iron may be due to triazine ring protonation. 
29 ‘Tris (4-chloropheny!) methane and tris (4-chloropheny!l) methanol in marine mammals from the Estuary and Gulf of St. Lawrence 
M. LEBEUF, K.E. BERNT, S. TROTTIER, M. NOEL, M.O. HAMMILL, L. MEASURES (Canada) 
Concentrations of tris (4-chloropheny!) methanol and tris(4-chloropheny!) methane were determined in blubber samples of seals 
and whales. 
45 Comparison among air pollutants, meteorological conditions and some chemical parameters in the transplanted lichen Usnea 
amblyoclada 
H.A. CARRERAS, M.L. PIGNATA (Argentina) 
The lichenUsneaamblyoclada was mostaffected by air pollutants in winter, when concentrations were higher. 
Review 
53 Leaching of chromated copper arsenate wood preservatives: a review 
J.A. HINGSTON, C.D. COLLINS, R.J. MURPHY, J.N. LESTER (UK) 
A review of the existing literature about the wood preservative chromated copper arsenate (CCA) indicates not enough is known 
about leaching of CCA from treated wood. 
67 Arsenic and mercury concentrations in major landscape components of an intensively cultivated watershed 
C.M. COOPER, W.B. GILLESPIE JR. (USA) 
Only fish samples contained arsenic and mercury at levels above published ranges for non-contamination. 
75 Catalytic effect of soil colloids on the reaction between Cr”! and p-methoxyphenol 
D-M. ZHOU, H-M. CHEN, C-R. ZHENG, C. TU (People’s Republic of China) 
Adsorption of Cr”! and p-methoxyphenol on soil colloids was affected by pH. 
83 Toxicity of methyl!-tert-butyl ether to freshwater organisms 
|. WERNER, C.S. KOGER, L.A. DEANOVIC, D.E. HINTON (USA) 
Environmental levels of the oxygenate, methyl-tert-buty! ether, found in surface waters, seem unlikely to have acute toxic effects 
on freshwater organisms. 
89 Manganese toxicity as indicated by visible foliar symptoms of Japanese white birch (Betula platyphylla var. japonica) 
M. KITAO, T.T. LEI, T. NAKAMURA, T. KOIKE (Japan) 
Leaf age appeared to be the factor affecting uptake of manganese and resulting foliar symptoms. 
95  Biomonitoring of sporadic acidification of rivers on the basis of release of preloaded cadmium from the aquatic bryophyte Fontinalis 
antipyretica Hedw. 
A. CARBALLEIRA, M.D. VAZQUEZ, J. LOPEZ (Spain) 
An aquatic bryophyte, preloaded with a chemical marker, was useful in detecting sporadic acidification events in a river. 
107 Mercury in feathers of Squacco Heron (Ardeola ralloides) chicks in relation to age, hatching order, growth, and sampling dates 


V. GOUTNER (Greece), R.W. FURNESS (UK), G. PAPAKOSTAS (USA) 
Feathers from Squacco Heron are appropriate biomoniters of mercury. 
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Trace metals in seagrass, algae and molluscs from an uncontaminated area in the Mediterranean 
L. CAMPANELLA, M.E. CONTI, F. CUBADDA, C. SUCAPANE (Italy) 
Baseline concentrations for metals in seagrass, algae and molluscs were established in a clean area of 


the Mediterranean. 


Photosynthesis and biomass allocation of radish cv. ‘‘Cherry Belle’ in response to root temperature and ozone 


C. KLEIER, B. FARNSWORTH, W. WINNER (USA) 
Ozone and low root zone temperatures (RZT) decreased radish biomass while ozone and warm RZT decreased photosynthesis. 


Lead shot toxicity to passerines 
N.B. VYAS, J.W. SPANN, G.H. HEINZ (USA) 
Songbirds may absorb sufficient lead from lead shot to affect their survival 


Effects of environmental and maternally derived methylmercury on the embryonic and larval stages of walleye (Stizostedion vitreum) 


M.A. LATIF, R.A. BODALY, T.A. JOHNSTON, R.J.P. FUDGE (Canada) 
Mercury from environmental and maternal sources adversely affected embryonic and larval stages of a sport fish, the walleye. 


Sources, distribution and variability of airborne trace metals in La Plata City area, Argentina 
C. BILOS, J.C. COLOMBO, C.N. SKORUPKA, M.J. RODRIGUEZ PRESA (Argentina) 
Exhaust from vehicles appeared to be the major source of metal aerosols in the La Plata Argentina region. 


The relationship between trace metal contamination and stream meiofauna 


S.M. BURTON, S.D. RUNDLE, M.B. JONES (UK) 
Freshwater meiofaunal communities should be included in environmental impact assessments. 


Fate and effect of monoalkyl quaternary ammonium surfactants in the aquatic environment 
M.T. GARCIA, |. RIBOSA, T. GUINDULAIN, J. SANCHEZ-LEAL, J. VIVES-REGO (Spain) 
Surfactants provide a growth substrate which allows bacterioplankton to degrade them. 
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Chemical fingerprinting applied to the evaluation of marine oil pollution in the coasts of Canary Islands (Spain) 
E.MA. PENA-MENDEZ (Spain), MA.S. ASTORGA-ESPANA (Chile), F.J. GARCIA-MONTELONGO (Spain) 
Chemical fingerprinting can be used to distinguish among potential sources of pollution. 


Quantification of bioavailable nickel in sediments and toxic thresholds to Hyalella azteca 


U. BORGMANN, R. NERON, W.P. NORWOOD (Canada) 
Metal concentrations in the tissues of exposed animals and in water are good indicators of sediment toxicity. 


Stem injection of Populus nigra with EDU to study ozone effects under field conditions 
K. BORTIER, G. DEKELVER, L. DE TEMMERMAN, R. CEULEMANS (Belgium) 
Stem injection of EDU was shown to be an effective method of providing protection from ozone injury and growth reduction by 


black poplar. 


Dissipation of racemic mecoprop and dichlorprop and their pure R-enantiomers in three calcareous soils with and without peat 


addition 

E. ROMERO (Spain), M.B. MATALLO (Brazil), A. PENA, F. SANCHEZ-RASERO (Spain), P. SCHMITT-KOPPLIN (Germany), 

G. DIOS (Spain) 
Racemic herbicides and their enantiopure compounds dissipate at different rates, which are also affected by soil types and the 
addition of peat to the soils. 


Factors controlling the bioaccumulation of mercury and methylmercury by the estuarine amphipod Leptocheirus plumulosus 
A.L. LAWRENCE, R.P. MASON (USA) 
Accumulation of Hg, and MMHg by benthic organisms cannot be predicted using total concentrations in sediments as the sole 


factor. 


Effects of major nutrient additions on metal uptake in phytoplankton 
W.-X. WANG, R.C.H. DEI (Hong Kong) 
Nutrients affect toxic metal uptake by marine phytoplankton. 


Induction of mouthpart deformities in Chironomus riparius larvae exposed to 4-n-nonylphenol 
G. MEREGALLI, L. PLUYMERS, F. OLLEVIER (Belgium) 
A laboratory bioassay was used to demonstrate that the endocrine disruptor 4NP increased the frequency of mouthpart deformities 


in chironomids. 


Cadmium accumulation in the freshwater isopod Asel/us racovitzai: the relative importance of solute and particulate sources at trace 


concentrations 
M.C. EIMERS, R.D. EVANS, P.M. WELBOURN (Canada) 
Stable isotope analysis indicates that water is an important vector for cadmium uptake by an aquatic macro-invertebrate. 


Investigations of ash topography/morphology and their relationship with heavy metals leachability 
A. RAMESH, J.A. KOZINSKI (Canada) 
High temperature treatment of ash immobilizes heavy metals and renders it safe for reuse or disposal. 
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Nutrient dynamics and the eutrophication of shallow lakes Kasumigaura (Japan), Donghu (PR China), and Okeechobee (USA) 
K.E. HAVENS (USA), T. FUKUSHIMA (Japan), P. XIE (People’s Republic of China), T. IWAKUMA (Japan), R.T. JAMES (USA), 
N. TAKAMURA, T. HANAZATO, T. YAMAMOTO (Japan) 

Complex nutrient dynamics in shallow lakes require that caution be used when applying simple eutrophication models. 


Comparison of two biological treatment processes using attached-growth biomass for sanitary landfill leachate treatment 
M.X. LOUKIDOU, ZOUBOULIS (Greece) 
Both methods were effective in removing nitrogen, organic matter, color and turbidity. 


Chronic toxicity of octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) in soil determined using the earthworm (Eisenia andrei) 
reproduction test 
P.Y. ROBIDOUX, J. HAWARI, S. THIBOUTOT, G. AMPLEMAN, G.I. SUNAHARA (Canada) 

Fecundity of the earthworm Eisenia andrei was reduced by the explosive HMxX in soil. 


Evaluation of copper availability to plants in copper-contaminated vineyard soils 
L.A. BRUN, J. MAILLET, P. HINSINGER, M. PEPIN (France) 
Copper accumulated primarily in roots of maize plants grown in soils from vineyards contaminated with copper from fungicides. 


Sorption of naphthalene and phenanthrene by soil humic acids 
B. XING (USA) 
For both naphthalene and phenanthrene, Freundlich exponents (N) values decreased with increasing aromaticity of six humic 


acids. 


Measurement of symbiotic nitrogen-fixation in leguminous host-plants grown in heavy metal-contaminated soils amended with 


sewage sludge 
J.P. OBBARD, K.C. JONES (UK) 
White clover, broad bean and pea plants responded differently to metals in soils from sewage sludge applications. 


Ozone exposure thresholds and foliar injury on forest plants in Switzerland 
D. VANDERHEYDEN, J. SKELLY (USA), J. INNES (Canada), C. HUG (Switzerland), J. ZHANG (USA), W. LANDOLT, 


P. BLEULER (Switzerland) 
Ozone injury symptoms on forest species in Switzerland were identified, verified and related to the current European ozone 


standard. 


Phytoplankton responses to biomanipulated grazing pressure and nutrient additions — enclosure studies in unlimed and limed 
Lake Njupfatet, central Sweden 
P. BLOMQVIST (Sweden) 

Lake acidification can have profound secondary effects on food web function, but these effects may be reversed by liming and 


nutrient additions. 
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349 


The glutathione status of mature Scots pines during the third season of UV-B radiation exposure 
K. LAAKSO, H. KINNUNEN, S. HUTTUNEN (Finland) 
The effects of increased UV-B radiation on the glutathione status of Scots pine may be cumulative. 
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A new flux-orientated concept to derive critical levels for ozone to protect vegetation 

L. GRUNHAGE, G.H.M. KRAUSE, B. KOLLNER, J. BENDER, H.-J. WEIGEL, H.-J. JAGER, R. GUDERIAN (Germany) 
Relevant ozone concentrations for plant injury must be determined at the top of the plant canopy, rather than just at a reference 
point above the canopy. 


Saskatoon serviceberry and ambient sulfur dioxide exposures: study sites re-visited, 1999 
S.V. KRUPA (USA), A.H. LEGGE (Canada) 
Field surveys confirmed that Saskatoon serviceberry can be used as a biological indicator of sulfur dioxide. 


Microbial cellulose decomposition in soils from a rifle range contaminated with heavy metals 
|. CHEW, J.P. OBBARD, R.R. STANFORTH (Singapore) 
Microorganisms were able to adapt to high concentrations of metals, where the bioavailability of the metals was reduced. 


An integrative assessment of a watershed impacted by abandoned mined land discharges 
D.S. CHERRY, R.J. CURRIE, D.J. SOUCEK, H.A. LATIMER, G.C. TRENT (USA) 
Integrative assessments are effective in characterizing pollutant impacts and prioritizing sites for reclamation. 


Measurement of ethylene emission from Japanese red pine (Pinus densiflora) under field conditions in NO,-polluted areas 
A. KUME, N. TSUBOI, N. NAKATANI, K. NAKANE, N. SAKURAI, N. NAKAGAWA, H. SAKUGAWA (Japan) 
Threshold rates for baseline ethylene emission from needles of Japanese red pine are proposed. 


Estimating the potential for ammonia emissions from livestock excreta and manures 


J. WEBB (UK) 
Total ammoniacal-nitrogen from cattle urine may be an underestimated source of gaseous emission or nitrate leaching. 
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407 Spatial variability in the degradation rate of isoproturon in soil 
A. WALKER, M. JURADO-EXPOSITO, G.D. BENDING, V.J.R. SMITH (UK) 
Soils showing rapid biodegradation of isoproturon had higher pH values and more microbial biomass. 


417 Risk based characterisation of contaminated industrial site using multivariate and geostatistical tools 


C. CARLON, A. CRITTO, A. MARCOMINI (Italy), P. NATHANAIL (UK) 
Kriging and principal component analysis were useful in obtaining additional information from data sets. 


429 Mobility of heavy metals as related to soil chemical and mineralogical characteristics of Brazilian soils 
A.T. DE MATOS, M.P.F. FONTES, L.M. DA COSTA, M.A. MARTINEZ (Brazil) 
Soil pH greatly influenced adsorption and movement of heavy metals. 


437 _ Induction of the P450 reporter gene system bioassay by polycyclic aromatic hydrocarbons in Ulsan Bay (South Korea) sediments 
C.-H. KOH (South Korea), G.B. KIM, K.A. MARUYA, J.W. ANDERSON, J.M. JONES (USA), S.-G. KANG (South Korea) 
The P450 reporter gene system seems to be a promising screening tool for deleterious effects of PAHs. 


447 Bioaccumulation of butyltins in Dreissena polymorpha at a confined placement facility in Buffalo, New York 


J.M. ROPER, J.W. SIMMERS, D.S. CHERRY (USA) 
The zebra mussel is an ideal biomonitor for changes in low concentrations of TBT. 


453 Effect of chlorsulfuron on growth of submerged aquatic macrophyte Potamogeton pectinatus (Sago pondweed) 


A. COYNER, G. GUPTA, T. JONES (USA) 
All concentrations of chlorsulfuron adversely affected growth of the non-target macrophyte Potamogeton pectinatus 


457 ~—s The otter (Lutra /utra) in Sweden— population trends in relation to EDDT and total PCB concentrations during 1968-99 


A. ROOS, E. GREYERZ, M. OLSSON, F. SANDEGREN (Sweden) 
Important trend data for contaminant residues in otter is presented and discussed in relation to their potential influence on otter 


populations. 


471 Air pollution modeling for an industrial complex and model performance evaluation 
R. SIVACOUMAR, A.D. BHANARKAR, S.K. GOYAL, S.K. GADKARI, A.L. AGGARWAL (India) 
Statistical analysis carried out between predicted and measured NO, concentration at Jamshedpur, India, showed good 


agreement between the two. 


479 __—C Effects of elevated carbon dioxide and ozone on the growth and yield of potatoes (So/anum tuberosum) grown in open-top chambers 


T. LAWSON, J. CRAIGON, C.R. BLACK, J.J. COLLS, A.-M. TULLOCH, G. LANDON (UK) 
In open-top chambers, elevated ozone reduced shoot weight but not tuber weight of potatoes, while elevated carbon dioxide 


enhanced plant growth. 


493 Mercury, cadmium, lead and selenium in ringed seals (Phoca hispida) from the Baltic Sea and from Svalbard 


M.L. FANT, M. NYMAN, E. HELLE, E. RUDBACK (Finland) 
Seals from the Baltic had higher Hg and Se concentrations in liver, kidney and muscle samples, lower Cd, and the same 


concentrations of Pb as seals from a cleaner Arctic area. 


503 The use of amino compounds for binding 2,4,6-trinitrotoluene in water 
F. FANT, A. DE SLOOVERE, K. MATTHIJSEN, C. MARLE, S. EL FANTROUSSI, W. VERSTRAETE (Belgium) 


Addition of aniline and an amino acid-like cysteine to water decreased free TNT. 


CONTENTS OF VOLUME 112 


Number 1 


Review 


1 Pesticide effects on freshwater zooplankton: an ecological perspective 


T. HANAZATO (Japan) 
Effects of pesticides on freshwater zooplankton are considered from an ecological perspective. 


11. Comparative metabolism of phenanthridine by carp (Cyprinus carpio) and midge larvae (Chironomus riparius) 
E.A.J. BLEEKER, L. NOOR, M.H.S. KRAAK, P. DE VOOGT, W. ADMIRAAL (The Netherlands) 
Carp and midge larvae responded differently to phenanthridine. 


19 Accumulation of silver in the liver of three species of pinnipeds 
K. SAEKI, M. NAKAJIMA (Japan), T.R. LOUGHLIN, D.C. CALKINS (USA), N. BABA, M. KIYOTA, R. TATSUKAWA (Japan) 
Accumulation and distribution of silver in three species of pinnipeds was different by species and correlated differently with 


other elements. 
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Increased retention of polycyclic aromatic hydrocarbons in soils induced by soil treatment with humic substances 
P. CONTE, A. ZENA (Italy), G. PILIDIS (Greece), A. PICCOLO (Italy) 
Humic substances were demonstrated to play an important role in PAH persistence/binding in soils. 


Exposure to heavy metals and infectious disease mortality in harbour porpoises from England and Wales 
P.M. BENNETT, P.D. JEPSON, R.J. LAW, B.R. JONES, T. KUIKEN, J.R. BAKER (UK), E. ROGAN (Ireland), J.K. KIRKWOOD (UK) 
Harbour porpoises that died from infectious diseases had higher mean liver concentrations of mercury, selenium and zinc than 


those that died from physical trauma. 


Nutrient losses by surface run-off following the application of organic manures to arable land. 1. Nitrogen 


K.A. SMITH, D.R. JACKSON, T.J. PEPPER (UK) 
Run-off nitrogen may increase eutrophication in catchments and affect freshwater biota. 


Nutrient losses by surface run-off following the application of organic manures to arable land. 2. Phosphorus 


K.A. SMITH, D.R. JACKSON, P.J.A. WITHERS (UK) 
Run-off of phosphorus, especially in combination with nitrogen, may accelerate eutrophication in enclosed waters. 


Effects of development time, biomass and ferromanganese oxides on nickel sorption by stream periphyton 
B.R. GRAY, W.R. HILL, A.J. STEWART (USA) 
Metal contaminant levels in periphyton are not necessarily reflective of biotic uptake. 


Immunotoxicity risks associated with land-treatment of petrochemical wasies revealed using an in situ rodent model 
D.P. RAFFERTY, R.L. LOCHMILLER, K. McBEE, C.W. QUALLS, N.T. BASTA (USA) 
Petrochemical wastes had variable immuno-modulatory effects in resident cotton rats at five different sites. 


Clonal differences in copper and zinc tolerance of birch in metal-supplemented soils 
P. KOPPONEN, M. UTRIAINEN, K. LUKKARI, S. SUNTIOINEN, L. KARENLAMPI, S. KARENLAMPI (Finland) 
Differential tolerance of birch clones to copper or zinc may make them useful in restoration projects. 
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Enumeration and factors influencing the relative abundance of a denitrifier, Pseudomonas sp. JR12, entrapped in alginate beads 
Y. TAL, B. SCHWARTSBURD, A. NUSSINOVITCH, J. VAN RIJN (Israel) 
In-situ bioremediation, using entrapped microorganisms, may fail if the introduced microorganism cannot outcompete native 


microorganisms. 


Spatial interpretation of ambient air quality for the territory of the Czech Republic 


1. HUNOVA (Czech Republic) 
A method of spatial interpretation and visualisation of air quality data allows comparison of different areas. 


Ecophysiological responses of Empetrum nigrum to heavy metal pollution 
S. MONNI (Finland), C. UHLIG, E. HANSEN (Norway), E. MAGEL (Germany) 
Smelter emissions had a negative effect on the ecophysiology of Empetrum nigrum (crowberry), a species growing on heavy 


metal contaminated sites. 


Using benthic recruitment to assess the significance of contaminated sediments: the influence of taxonomic resolution 
A.C. ROACH, A.R. JONES, A. MURRAY (Australia) 
Higher levels of taxonomic resolution can be used to describe variations in the structure of benthic communities in small-scale 


experiments. 


Organotins and imposex in the rock shell, Thais clavigera, from oyster mariculture areas in Taiwan 
T.-C. HUNG, W.-K. HSU, P.-J. MANG, A. CHUANG (Taiwan) 
Results suggest that organotin compounds have little or no effects on imposex in rock shells (Thais clavigera). 


Exposure of migrant bald eagles to lead in prairie Canada 
M.J.R. MILLER, M.E. WAYLAND, G.R. BORTOLOTTI (Canada) 
Blood levels of lead were not exceptionally high in bald eagles in the southern portion of the Canadian prairies. 


Relationship between epiphytic lichens, trace elements and gaseous atmospheric pollutants 
H.F. VAN DOBBEN, H.T. WOLTERBEEK, G.W.W. WAMELINK, C.J.F. TER BRAAK (Netherlands) 
Lichens were shown to be effective accumulator biomonitors for heavy metals in The Netherlands. 


Modelling the spatial distribution of SO. and NO, emissions in Ireland 
Y. DE KLUIZENAAR, J. AHERNE, E.P. FARRELL (Ireland) 
Detailed data for spatial emissions of SOz and NO, are presented for Ireland for the first time. 


Relationships between ambient geochemistry, watershed land-use and trace metal concentrations in aquatic invertebrates living in 


stormwater treatment ponds 
N.K. KAROUNA-RENIER, D.W. SPARLING (USA) 
Invertebrates living in stormwater treatment ponds contain high levels of copper and zinc. 


Distribution of DDT residues in fish from the Songkhla Lake, Thailand 
L. KUMBLAD, A. OLSSON, V. KOUTNY, H. BERG (Sweden) 
Low DDT concentrations in fish of a tropical lake may reflect rapid biotic dilution and degradation. 
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Differences in Cd elimination from Mytilus californianus and Mytilus trossulus soft tissues 


M.L. LARES (Mexico), K.J. ORIANS (Canada) 
Mytilus californianus releases Cd more rapidly than Mytilus trossulus which affects interpretation of results from field monitoring 


studies for Cd, using species of Mytilus. 


Cadmium(Il) removal from aqueous solutions by pre-treated biomass of marine alga Padina sp. 


P. KAEWSARN, Q. YU (Australia) 
Pre-treatment of biomass of the marine alga Padina with calcium resulted in an efficient biosorbent for cadmium(II) from waste- 


water. 


UV-absorbing compounds and waxes of Scots pine needles during a third growing season of supplemental UV-B 


H. KINNUNEN, S. HUTTUNEN, K. LAAKSO (Finland) 
Three seasons of UV-B light exposure reduced UV-absorbing compounds in needles of Scots pines in the field. 


Relevance of element content of bark for the distribution of epiphytic lichens in a montane spruce forest affected by forest dieback 


M. HAUCK, R. JUNG, M. RUNGE (Germany) 
Bark chemistry differences affected diversity of epiphytic lichens in dieback-affected and non-affected stands of Norway spruce. 


The environmental impact of shrimp aquaculture: a global perspective 


F. PAEZ-OSUNA (Mexico) 
Environmental impacts of shrimp aquaculture are evaluated from a global perspective. 


Effect of bone meal (calcium phosphate) amendments on metal release from contaminated soils — a leaching column study 
M.E. HODSON, E. VALSAMI-JONES, J.D. COTTER-HOWELLS, W.E. DUBBIN, A.J. KEMP, |. THORNTON, A. WARREN (UK) 
Bone meal reduced metal release from a contaminated soil. 


Persistent organochlorine levels in six prey species of the gyrfalcon Falco rusticolus in |lceland 
K. OLAFSDOTTIR, AE. PETERSEN, E.V. MAGNUSDOTTIR, T. BJORNSSON, T. JOHANNESSON (Iceland) 
Prey species of the gyrfalcon varied in organochlorine levels, with the principal species, the ptarmigan, having the lowest levels. 


Simulation of 1-year-old Populus tremuloides response to ozone stress at Ithaca, USA, and Suwon, Republic of Korea 


S.-C. YUN, E.W. PARK (South Korea), J.A. LAURENCE (USA) 
The simulation model TREGO was used to assess potential effects of ozone in the USA and Korea. 


The integrated use of chemical analysis, cytochrome P450 and stress proteins in mussels to assess pollution along the Galician 


coast (NW Spain) 
C. PORTE, X. BIOSCA, M. SOLE, J. ALBAIGES (Spain) 
The survey identified a pollution gradient among sampling sites. 
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Impact of composting strategies on the treatment of soils contaminated with organic pollutants 


K.T. SEMPLE, B.J. REID, T.R. FERMOR (UK) 
A review of the effectiveness of composting strategies in biomediation of contaminated soils is presented. 


What do sentinels stand for? 


A. BEEBY (UK) 
This paper evaluates the use of sentinels, biological monitors that accumulate a pollutant in their tissues without significant 


adverse effects. 
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Perchlorate levels in sampies of sodium nitrate fertilizer derived from Chilean caliche 
E.T. URBANSKY, S.K. BROWN, M.L. MAGNUSON, C.A. KELTY (USA) 
Sodium nitrate fertilizer, made from refined caliche, also contains perchlorate — a potential environmental contaminant. 


Use of passive ambient ozone (O3) samplers in vegetation effects assessment 


S. KRUPA (USA), M. NOSAL (Canada), D.L. PETERSON (USA) 
In the context of ecological effects assessment, a simulation model is described to mimic the frequency distributions of hourly 


ozone concentrations(exposure dynamics), using the single, weekly mean values from a passive sampler, in comparison to a 
co-located continuous monitor. 


Chlorinated pesticides and PCBs in sediments and molluscs from freshwater canals in the Hanoi region 
D.D. NHAN (Viet Nam), F.P. CARVALHO (Monaco), N.M. AM, N.Q. TUAN, N.T.H. YEN (Viet Nam), J.-P. VILLENEUVE, C. CATTINI 


(Monaco) 
Total DDT levels in molluscs were high, while PCB concentrations were relatively low. 


Effects of alkaline dust deposits from phosphate fertilizer production on microbial biomass and enzyme activities in grassland soils 


U. LANGER, T. GUNTHER (Germany) 
Results indicate increased microbial activity, following shut down of the source of emissions. 
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Influence of organic amendments on copper distribution among particle-size and density fractions in Champagne vineyard soils 


E. BESNARD, C. CHENU, M. ROBERT (France) 
Soil particle-size composition can be used to assess distribution of copper in soils. 


Understorey vegetation along a heavy-metal pollution gradient in SW Finland 
M. SALEMAA, |. VANHA-MAJAMAA, J. DEROME (Finland) 
Heavy metals and sulphur in soils decreased and floristic diversity increased with distance from a Cu—Ni smelter. 


New methods of nitrate removal from water 
M. SHRIMALI, K.P. SINGH (India) 
A review of methods used to remove nitrate ion from water during the last 10 years. 


230Th/232Th activity ratios as achronological marker complementing2'°Pbdatinginanestuarinesystem affected by industrial releases 


E.G. SAN MIGUEL, J.P. BOLIVAR, R. GARCIA-TENORIO, J.E. MARTIN (Spain) 
Use of 27°Pb and ?°°Th/?9?Th profiles allows determination of sedimentation rates. 


Spotting zones of dissimilatory sulfate reduction in a forested catchment: the °4S-°°S approach 


C. ALEWELL (Germany), M. NOVAK (Czech Republic) 
The analysis of stable isotopes of sulfur (*4S) identifies long-term predominance of either assimilatory or dissimilatory S 


metabolism at a particular site. 


Environmental toxicity assessment in the Parana river delta (Argentina): simultaneous evaluation of selected pollutants and 
mortality rates of Corbicula fluminea (Bivalvia) early juveniles 
D. CATALDO, J.C. COLOMBO, D. BOLTOVSKOY, C. BILOS, P. LANDONI (Argentina) 

Mortality rates of juveniles of Corbicula fluminea toxicity corresponded well with sediment pollutant levels in a river delta of 


Argentina. 


Cytogenetic monitoring of men occupationally exposed to airborne pollutants 
C.K. CHITRA, H. VISHWANATHAN, E. DEEPA, M.V. USHA RANI (India) 
Professional drivers had increased chromosomal aberrations that increased with duration of exposure to urban air pollution. 


Speciation of rare earth elements in soil and accumulation by wheat with rare earth fertilizer application 


S. ZHANG, X.-Q. SHAN (People’s Republic of China) 
Rare earth elements increased wheat yields and accumulated in plants in relation to concentrations in fertilizers. 


The accumulation of polycyclic aromatic hydrocarbons in lubricating oil over time — a comparison of supercritical fluid and liquid— 


liquid extraction methods 


P.K. WONG, J. WANG (Hong Kong) 
Recovery of PAHs, extracted by supercritical fluid extraction, from used lubricating oil, were higher than those made by the liquid— 


liquid extraction method. 


Chemical composition and ecophysiological responses of Empetrum nigrum to aboveground element application 
S. MONNI (Finland), C. UHLIG, O. JUNTTILA, E. HANSEN (Norway), J. HYNYNEN (Finland) 
Heavy metals in solutions sprayed on Empetrum nigrum remained on plant surfaces and were not taken up. 


Differential responses of benthic microbes and meiofauna to fish-farm disturbance in coastal sediments 


T. LA ROSA, S. MIRTO, A. MAZZOLA, R. DANOVARO (Italy) 
A useful tool for assessing the effects of fish-farming on benthic quality includes determining the ratios of benthic auto-fluorescent 


cells to bacterial abundance, bacteria to meiofaunal biomass, and auto-fluorescent cells to meiofaunal biomass. 


Element distribution in Empetrum nigrum microsites at heavy metal contaminated sites in Harjavalta, western Finland 


C. UHLIG (Norway), M. SALEMAA, |. VANHA-MAJAMAA, J. DEROME (Finland) 
Stems and leaves of Empetrum nigrum were useful accumulators of copper, nickel and lead near heavy metal sources in south- 


west Finland. 


Marine oil pollution and beached bird surveys: the development of a sensitive monitoring instrument 


C.J. CAMPHUYSEN (The Netherlands), M. HEUBECK (UK) 
After reviewing the effects of oil pollution on seabirds, suggestions for new methods of monitoring marine oil pollution are presented. 


Heavy metals removal in fixed-bed column by the macro fungus Pycnoporus sanguineus 


Z. ZULFADHLY, M.D. MASHITAH, S. BHATIA (Malaysia) 
The fungus Pycnoporus sanguineus effectively adsorbed lead, copper and cadmium in fixed-bed column studies. 


Mercury content in roach (Ruti/us ruti/us L.) in circumneutral lakes — effects of catchment area and water chemistry 


L. SONESTEN (Sweden) 
Partial least square regression was used to determine the influence of 46 environmental variables on mercury content in the 


freshwater fish Rutilus rutilus (roach). 


The effects of crude oil and the effectiveness of cleaner application following oiling on US Gulf of Mexico coastal marsh plants 


S.R. PEZESHKI, R.D. DELAUNE, A. JUGSUJINDA (USA) 
The oil cleaner COREXIT 9580 enhanced short-term plant recovery but had no detectable effects on biomass responses of two 


marshland species to oil pollution beyond 3 months. 
PM10 pollution episodes as a function of synoptic climatology in a mountainous industrial area 


A.G. TRIANTAFYLLOU (Greece) 
Highest concentrations of PM10 particles were associated with stagnant air conditions. 
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501 Lead contamination of seabirds harvested with lead shot — implications to human diet in Greenland 


P. JOHANSEN, G. ASMUND, F. RIGET (Denmark) 
The most important source of lead in the diet of many people in Greenland is birds killed with lead shot. 


505 Trends in organochlorine residue concentrations and burdens in grey seals (Halichoerus grypus) from Sable Is., NS, Canada, 


between 1974 and 1994 
R.F. ADDISON, W.T. STOBO (Canada) 
Most organochlorine residues in grey seals declined between 1974 and 1994. 


515 Influence of oil contamination levels on hydrocarbon biodegradation in sandy sediment 


J.P. DEL’ARCO, F.P. DE FRANCA (Brazil) 
Biodegradation was inversely proportional to increasing oil contamination. 
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1. The importance of considering biological processes when setting total maximum daily loads (TMDL) for phosphorus in shallow lakes 
and reservoirs 
K.E. HAVENS, C.L. SCHELSKE (USA) 
Biological processes affect lake phosphorous assimilation. 


Research papers 


11. Decomposition of coniferous forest litter along a heavy metal pollution gradient, south-west Finland 


N.A. MCENROE, H.-S. HELMISAARI (Finland) 
Heavy metal contamination of soil may impact soil microbiota which would explain changes in litter quality and mass lost. 


19 Amicrobial biosensor to predict bioavailable nickel in soil and its transfer to plants 
C. TIBAZARWA, P. CORBISIER (Belgium), M. MENCH (France), A. BOSSUS, P. SOLDA, M. MERGEAY, L. WYNS, 


D. VAN DER LELIE (Belgium) 
A whole-cell biosensor was developed for the detection of bioavailable Ni** and Co** concentrations in soil samples. 


27 ~= Effects of consolidated tailings water on red-osier dogwood (Cornus stolonifera Michx) seedlings 
S. RENAULT, C. CROSER, J.A. FRANKLIN, J.J. ZWIAZEK, M. MACKINNON (Canada) 
Salt resistance in red-osier dogwood seedlings appeared to be due to restriction of sodium transport from roots to shoots. 


35 Cadmium in soil solutions from a transect of soils away from a fertiliser bin 
M.D. TAYLOR, H.J. PERCIVAL (New Zealand) 
Cadmium and other heavy metals decreased with distance away from a fertiliser bin. 


41 Critical remarks on the use of terrestrial moss (Hylocomium splendens and Pleurozium schreberi) for monitoring of airborne pollution 
C. REIMANN (Norway), H. NISKAVAARA (Finland), G. KASHULINA (Russia), P. FILZMOSER (Austria), R. BOYD, T. VOLDEN (Norway), 
O. TOMILINA, |. BOGATYREV (Russia) 
Moss species can be combined for regional mapping purposes. 


59 Estimating long-term population exposure to ozone in urban areas of Europe 
S. SYRI (Finland), M. AMANN, W. SCHOPP, C. HEYES (Austria) 
An initial study to calculate the effect of urban NO,, levels on local ozone concentrations. 


71 ~+Effects of spraying the herbicides 2,4-D and 2,4,5-T on a population of the tortoise Testudo hermanni in southern Greece 


R.E. WILLEMSEN (Netherlands), A. HAILEY (Greece) 
A field study indicates high susceptibility of tortoises to 2,4-D and 2,4,5-T. 


79 Metal associations in soils before and after EDTA extractive decontamination: implications for the effectiveness of further clean-up 


procedures 
A. BARONA, |. ARANGUIZ, A. ELIAS (Spain) 
The implications of EDTA extractions of Pb, Ni and Zn from contaminated soils are discussed with respect to their mode of 


attachment to soils. 


87 Morphological and haematological parameters in the Algerian mouse (Mus spretus) inhabiting an area contaminated with heavy 


metals 
A.C. NUNES, M. DA LUZ MATHIAS, A.M. CRESPO (Portugal) 
The Algerian mouse is a common rodent that may be an important species for identifying physiological biomarkers in response to 


pollutants. 
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Complex interactions between autotrophs in shallow marine and freshwater ecosystems: implications for community responses to 


nutrient stress 
K.E. HAVENS, J. HAUXWELL, A.C. TYLER (USA), S. THOMAS (France), K.J. MCGLATHERY, J. CEBRIAN, I. VALIELA, 


A.D. STEINMAN (USA), S.-J. HWANG (South Korea) 
Complex interactions between phytoplankton, attached algae, and vascular plants affect ecosystem responses to nutrient stress. 
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Leaching of heavy metals from contaminated soils using EDTA 
B. SUN, F.J. ZHAO, E. LOMBI, S.P. MCGRATH (Uk) 
The mode of EDTA addition was a significant factor controlling the behavior of metal leaching with EDTA. 


Modelling the sorption of metals from aqueous solutions on goethite fixed-beds 
M. LEHMANN, A.I. ZOUBOULIS, K.A. MATIS (Greece) 
Chromate anions and zinc cations behaved differently in the column and in the presence of EDTA. 


PCDDs in the water/sediment-seagrass—dugong (Dugong dugon) food chain on the Great Barrier Reef (Australia) 
M.S. McLACHLAN (Germany), D. HAYNES, J.F. MULLER (Australia) 
Sources of PCDD/Fs to dugongs living off the Great Barrier Reef are considered to explain the unusual array of congeners present. 


Isotherms and sequential extraction procedures for evaluating sorption and distribution of heavy metals in soils 
M.T. MORERA, J.C. ECHEVERRIA, C. MAZKIARAN, J.J. GARRIDO (Spain) 
The mobility and distribution of heavy metals in soil was determined by a sequential extraction procedure and sorption isotherms. 


Preliminary measurements of summer nitric acid and ammonia concentrations in the Lake Tahoe Basin air-shed: implications for 


dry deposition of atmospheric nitrogen 
L. TARNAY, A.W. GERTLER, R.R. BLANK, G.E. TAYLOR, JR. (USA) 
Dry deposition of nitric acid is the major input of nitrogen in the Lake Tahoe Basin. 


Monitoring laboratory-scale bioventing using synchronous scan fluorescence spectroscopy: analysis of the vapor phase 
J. BACHMAN, S.M. KANAN, H.H. PATTERSON (USA) 
Changes in hydrocarbon composition, measured in the vapor phase, were an accurate measure of decomposition of hydrocarbons 


in soil. 


Dynamics of PAH deposition, cycling and storage in a mixed-deciduous (Quercus-Fraxinus) woodland ecosystem 


M. HOWSAM, K.C. JONES, P. INESON (UK) 
Storage and loss processes for seven PAHs were closely related to their physiochemical properties. 


Variation of gas exchange within native plant species of Switzerland and relationships with ozone injury: an open-top experiment 
J. ZHANG, J.A. FERDINAND, D.J. VANDERHEYDEN, J.M. SKELLY (USA), J.L. INNES (Switzerland) 
Relationships between stomatal conductance and foliar ozone injury varied with plant species. 


Biomagnification of organochlorines along a Barents Sea food chain 


K. BORGA, G.W. GABRIELSEN, J.U. SKAARE (Norway) 
A detailed study of organochlorine compounds transfer in a marine food chain near Svalbard is reported and the implications for 


the biomagnification process discussed. 


Influence of trophic status on PCB distribution in lake sediments and biota 


O. BERGLUND, P. LARSSON, G. EWALD, L. OKLA (Sweden) 
PCB distribution between sediments, the water column and biota is shown to be influenced by lake trophic status in 19 Swedish 


lakes. 


Geochemistry of natural and anthropogenic metals in the coastal sediments of the island of Lesvos, Aegean Sea 


M. ALOUPI, M.O. ANGELIDIS (Greece) 
Lithium was a better geochemical normalizer than aluminum and was used to describe the natural metal variability of coastal 


sediments. 


The asexual enchytraeid worm Cognettia sphagnetorum (Oligochaeta) has increased Cu resistance in polluted soil 


J. SALMINEN, J. HAIMI (Finland) 
Adult enchytraeid worms from a contaminated site survived better in copper-contaminated soil. 


Chlordane components and metabolites in seven species of Arctic seabirds from the Northwater Polynya: relationships with stable 


isotopes of nitrogen and enantiomeric fractions of chiral components 
A.T. FISK, J. MOISEY, K.A. HOBSON (Canada), N.J. KARNOVSKY (USA), R.J. NORSTROM (Canada) 
The relative proportions of chlordane and its components in seabirds was related to phylogeny. 


Time to death response in carabid beetles exposed to multiple stressors along a gradient of heavy metal pollution 
D. STONE, P. JEPSON (USA), P. KRAMARZ (Poland), R. LASKOWSKI (USA) 
Carabid beetles exposed to high environmental concentrations of heavy metals were more susceptible to additional stressors. 
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245 ~Effect of chronic ozone fumigation on the photosynthetic process of poplar clones showing different sensitivity 
L. GUIDI, C. NALI, G. LORENZINI, F. FILIPP!, G.F. SOLDATINI (Italy) 
An ozone-tolerant and an ozone-sensitive clone reacted to low concentrations of ozone differently, as indicated by photosynthetic 


responses. 


255 Hydrocarbon deposition and soil microflora as affected by highway traffic | _ 
J. TUHACKOVA, T. CAJTHAML, K. NOVAK, C. NOVOTNY, J. MERTELIK, V. SASEK (Czech Republic) 
The soil microbial community is impacted by proximity to busy highways, with the numbers of hydrocarbon degraders showing a 


clear response within a few metres of the roadside. 


263. ~—=— Extraction of chlorinated aliphatic hydrocarbons from groundwater at micromolar concentrations for isotopic analysis of chlorine 


B.D. HOLT, L.J. HERATY, N.C. STURCHIO (USA) 
Chlorine isotopic ratio techniques are used to characterize low molecular weight (solvent) hydrocarbons in groundwaters. 


271 ~+Effects of oxidants on soybean growth and yield in the Pakistan Punjab 
A. WAHID (Pakistan), E. MILNE (UK), S.R.A. SHAMSI (Pakistan), M.R. ASHMORE, F.M. MARSHALL (UK) 


Ozone may be causing significant crop losses around Lahore, Pakistan. 


281 Development of a Marine Sediment Pollution Index 
P.K.S. SHIN, W.K.C. LAM (Hong Kong) 
Principal component analysis was used to identify parameters used to develop an index to determine marine sediment 


quality. 


293 Relationship of properties of polycyclic aromatic hydrocarbons to sequestration in soil 


B.D. KOTTLER, M. ALEXANDER (USA) 
Properties of the compounds tested were not useful in predicting the sequestration of PAHs in soil. 


299 Use of radium isotopes to determine the age and origin of radioactive barite at oil-field production sites 


R.A. ZIELINSKI, J.K. OTTON, J.R. BUDAHN (USA) 
Radium isotope data provide a better description of contamination history of radioactive barite at oil-field production sites. 


311 Effects of oil sands effluent on cattail and clover: photosynthesis and the level of stress proteins 
A.U. CROWE, B. HAN, A.R. KERMODE, L.!. BENDELL-YOUNG, A.L. PLANT (Canada) 
Cattail and clover can become physiologically adapted to oil sands effluents. 


323 = Efficacy of histopathology in detecting petrochemical-induced toxicity in wild cotton rats (Sigmodon hispidus) 
S. KIM, R.L. LOCHMILLER, E.L. STAIR, J.W. LISH, D.P. RAFFERTY, C.W. QUALLS, JR (USA) 
Histopathological assessments of cotton rats was not an effective too! to detect exposure to environmental contaminants from 


petrochemical waste sites. 


331 Characteristics of different molecular weight fractions of organic matter in landfill leachate and their role in soil sorption of heavy 


metals 
N. CALACE, A. LIBERATORI, B.M. PETRONIO, M. PIETROLETTI (Italy) 
A landfill leachate characterisation, based on the distribution of different molecular weights of constituents is proposed 


341 ‘First report on the uptake of automobile catalyst emitted palladium by European eels (Anguilla anguilla) following 


experimental exposure to road dust 
B. SURES, S. ZIMMERMANN, J. MESSERSCHMIDT, A. VON BOHLEN, F. ALT (Germany) 
European eels, maintained in water containing road dust, took up palladium from automobile catalysts. 


347 Metal levels in body tissues, forage and fecal pellets of elk (Cervus e/aphus) living near the ore smelters at Sudbury, Ontario 


G.H. PARKER, J. HAMR (Canada) 
Varying levels of metals from smelters were found in body tissues, forage and fecal pellets of elk. 


357 Small-scale spatial and temporal variance in the concentration of heavy metals in aquatic sediments: a review and some new 


concepts 
G.F. BIRCH, S.E. TAYLOR, C. MATTHAI (Australia) 
Small-scale spatial and temporal variance in heavy metal concentrations in sediments can affect regional trend study results. 


373 Polychlorinated biphenyl congeners and organochlorine insecticides in the water column and sediments of Daya Bay, China 
J.L. ZHOU (UK), K. MASKAOUI, Y.W. QIU, H.S. HONG, Z.D. WANG (People’s Republic of China) 
PCBs and organochlorines have contaminated a key aquacultural area in China. 


385 Bioaccumulation of heavy metals in terrestrial invertebrates 
A. HEIKENS, W.J.G.M. PEIJNENBURG, A.J. HENDRIKS (The Netherlands) 
Taxonomic groups were ranked according to their extent of metal accumulation. 


395 Towards the characterisation of heavy metals in dredged canal sediments and an appreciation of ‘availability’: two examples from 


the UK 
S.R. STEPHENS, B.J. ALLOWAY, J.E. CARTER, A. PARKER (UK) 
Dredged canal sediments contaminated with heavy metals have been characterized with respect to their tendency to release/bind 


their contaminant burden. 
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Editorial: New initiatives — a new format for publication 
W.J. MANNING 


Sulphur in the Arctic environment (1): results of a catchment-based multi-medium study 


G. KASHULINA, C. REIMANN (Norway) 
Variations in seasonal sulphur deposition must be considered when estimating total sulphur deposition. 


Effects of vapours of chlorpropham and ethofumesate on wild plant species 
J. FRANZARING, C. KEMPENAAR, L.J.M. VAN DER EERDEN (The Netherlands) 
Non-target species responded to low concentrations of herbicide vapours in a fumigation study with foliar injury being the most 


responsive parameter. 


Dissolved and colloidal transport of Cd, Pb, and Zn ina silt loam soil affected by atmospheric industrial deposition 


L. DENAIX, R.M. SEMLALI, F. DOUAY (France) 
Heavy metal migration to groundwater occurs through association with biocolloids and clay minerals. 


Contaminant residues in seabird eggs from the Canadian Arctic. Part |. Temporal trends 1975-1998 


B.M. BRAUNE, G.M. DONALDSON, K.A. HOBSON (Canada) 
Concentrations of total mercury, selenium and a suite of organochlorine compounds were measured in the eggs of three species 


of birds. 


The seasonal changes in the concentration of polycyclic aromatic hydrocarbons in precipitation and aerosol near Lake Balaton, 
Hungary 
G. KISS, Z. VARGA-PUCHONY, B. TOLNAI, B. VARGA, A. GELENCSER, Z. KRIVACSY, J. HLAVAY (Hungary) 

Concentrations of PAHs showed seasonal variation in both precipitation and aerosol samples, with the highest concentrations in 


the winter. 


Heavy metal budgets for two headwater forested catchments in background areas of Finland 
L. UKONMAANAHO, M. STARR, J. MANNIO, T. RUOHO-AIROLA (Finland) 
Plot (stand) and catchment mass balance budgets for heavy metals are provided for background sites in the boreal 


zone. 


Metal extraction by Arabidopsis halleri grown on an unpolluted soil amended with various metal-bearing solids: 


a pot experiment 
H. DAHMANI-MULLER, F. VAN OORT, M. BALABANE (France) 
The nature of metal-bearing solids must be considered when predicting the efficiency of plant extraction. 


Repeated use of two Chlorella species, C. vulgaris and WW717 for cyclic nickel biosorption 


N.F.Y. TAM, J.P.K. WONG, Y.S. WONG (Hong Kong) 
An indigenous species of Chlorella (C. miniata) was more effective in nickel removal than a commercial strain of Chlorella 


vulgaris. 


Accumulation of Al, Mn, Fe, Cu, Zn, Cd and Pb by the bryophyte Scapania undulata in three upland waters of different pH 


C.D. VINCENT, A.J. LAWLOR, E. TIPPING (UK) 
Chemical speciation governs the accumulation of metals in bryophtes. 


Status of persistent organic pollutants in the sediment from several estuaries in China 
D. YUAN, D. YANG (People’s Republic of China), T.L. WADE, Y. QIAN (USA) 
Except for DDTs, other contaminants were present in concentrations too low to affect benthic organisms. 


Mercury concentrations in deer mouse (Peromyscus maniculatus) tissues from Isle Royale National Park 
L.M. VUCETICH, J.A. VUCETICH, L.B. CLECKNER, P.R. GORSKI, R.O. PETERSON (USA) 
Mercury from an unknown source was detected in deer mice from Isle Royale National Park, a protected area in 


Lake Superior. 


Effect of composting on characterization and leaching of copper, manganese, and zinc from swine manure 


J.-H. HSU, S.-L. LO (Taiwan) 
The three metals differed in potential for leaching and bioavailability, with Zn being the most available. 


Toxicological response of a bioluminescent microbial assay to Zn, Pb and Cu in an artificial soil solution: relationship with total 


metal concentrations and free ion activities 
J.M. RITCHIE, M. CRESSER, J. COTTER-HOWELLS (UK) 
A |ux-marked bacterial bioassay shows a toxicological response to metals introduced into a model soil solution. 


Is it possible to develop a QSPR model for direct photolysis half-lives of PAHs under irradiation of sunlight? 
J. CHEN (People’s Republic of China), W.J.G.M. PEIJNENBURG (The Netherlands), X. QUAN, S. CHEN (People’s Republic of China), 
D. MARTENS, K.-W. SCHRAMM, A. KETTRUP (Germany) 

Photolytic degradation half-lives of selected PAHs can be modeled from a knowledge of molecular properties. 
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Elemental concentrations in different species of seaweeds from Loreto Bay, Baja California Sur, Mexico: implications for the 
geochemical control of metals in algal tissue 
|. SANCHEZ-RODRIGUEZ (Mexico), M.A. HUERTA-DIAZ (USA), E. CHOUMILINE, O. HOLGUIN-QUINONES, 


J.A. ZERTUCHE-GONZALEZ (Mexico) 
Baseline concentrations of elements in aquatic plants from a pristine environment are presented, with a view toward developing a 


plant biomonitoring method for elements in seawater. 


Flue gas desulfurization by-products additions to acid soil: alfalfa productivity and environmental quality 


L. CHEN, W.A. DICK, S. NELSON (USA) 
Flue gas desulfurization by-products added to soils increased alfalfa growth and did not contaminate soils. 


Environmental cadmium exposure and metabolic responses of the Nile tilapia, Oreochromis niloticus 
J.A. ALMEIDA, E.L.B. NOVELLI, M. DAL PAI SILVA, R. ALVES JUNIOR (Brazil) 
Environmental cadmium exposure and metabolic reponses of the Nile tilapia Oreochromis niloticus. 


Methane emissions from wastewater management 


M. EL-FADEL, M. MASSOUD (Lebanon) 
Estimation methods for determining methane emissions from the management of wastewater are presented. 


Growth and yield responses of spring wheat (Triticum aestivum L. cv. Minaret) to elevated CO2 and water limitation 


M. SCHUTZ, A. FANGMEIER (Germany) 
Growth and yield of wheat respond to COz enrichment, to soil water deficit and to soil nutrient availability in a different manner, 


with COz mitigating soil drought effects. 


The acute toxicity of agricultural surfactants to the tadpoles of four Australian and two exotic frogs 


R.M. MANN (Australia), J.R. BIDWELL (USA) 
Are frogs at risk from the toxic effects of agricultural surfactants? 


Distribution of organochlorine pesticides in sediments from Kyeonggi Bay and nearby areas, Korea 
K.T. LEE (South Korea), S. TANABE (Japan), C.H. KOH (South Korea) 
The geographic distribution of organochlorine pesticides in sediments in Kyeonggi Bay, Korea was determined. 


A tunable diode laser system for ammonia flux measurements over multiple plots 


J.S. WARLAND, G.M. DIAS, G.W. THURTELL (Canada) 
A tunable diode laser system for ammonia measurements was successfully field tested in an experiment where ammonia fluxes 


were continuously monitored over three differently managed adjacent plots for about 2 weeks. 


Response of mycorrhizal Norway spruce seedlings to various nitrogen loads and sources 


|. BRUNNER, S. BRODBECK (Switzerland) 
Elevated nitrogen loads caused a decrease in root/shoot ratios, numbers of short roots, and mycorrhization 


of Norway spruce seedlings. 


Precipitation chemistry in the coast of the Metropolitan Region of Rio de Janeiro, Brazil 


W.Z. DE MELLO (Brazil) 
Rainwater analyses provide essential data for future estimates of regional biogeochemical cycles and impacts of acidic deposition 


on tropical ecosystems. 


Temporal and biogeographic comparisons of PCBs and persistent organochlorine pollutants in the blubber of fin whales from 


eastern Canada in 1971-1991 
K.E. HOBBS, D.C.G. MUIR (Canada), E. MITCHELL (USA) 
Temporal trends of PCB cogeners and organochlorine pesticides in fin whales between the 1970s and the 1990s are consistent 


with those in other marine animals in Atlantic Canada. 


Contamination of polycyclic aromatic hydrocarbons in surface sediments of mangrove swamps 


N.F.Y. TAM, L. KE, X.H. WANG, Y.S. WONG (Hong Kong) 
Total PAH concentrations in mangrove sediments were higher than those found in sediments of Hong Kong harbours. 


Organochlorine compounds in common dolphins (Delphinus delphis) from the Atlantic and Mediterranean waters of Spain 


A. BORRELL, G. CANTOS, T. PASTOR, A. AGUILAR (Spain) 
Analysis of common dolphin blubber tissue suggests that organochlorines are unlikely to have been important in recent population 


declines in the Mediterranean. 


Lead and zinc in sediments and biota from Maarmorilik, West Greenland: an assessment of the environmental impact of mining _ 


wastes on an Arctic fjord system 
T.S. LARSEN, J.A. KRISTENSEN, G. ASMUND, P. BJERREGAARD (Denmark) 
Metals from a closed mine remain in sediments and can affect the marine biota. 


Trace metal accumulation and fish pathologies in areas affected by mining and metallurgical enterprises in the Kola Region, Russia 


T.l. MOISEENKO, L.P. KUDRYAVTSEVA (Russia) 
Heavy metal concentrations in lakes of the Kola region, Russia, correspond with increased tissue metal levels in fish and 


with certain pathological conditions. 
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299 Influence of illegal gold mining on mercury levels in fish of North Sulawesis Minahasa Peninsula, (Indonesia) 
J.L. KAMBEY (Indonesia), A.P. FARRELL, L.!|. BENDELL-YOUNG (Canada) 
Fish exposed to run-off from illegal gold mines in Indonesia have very high levels of mercury and pose a risk to human 


consumers. 


Research papers 


303 = Interspecific variation in heavy metal body concentrations in Hong Kong marine invertebrates 


G. BLACKMORE (Hong Kong) 
Accumulated body concentrations of copper and zinc, but not cadmium, varied among nineteen species of intertidal invertebrates 


near Hong Kong. 


313 Multivariate statistical and GIS-based approach to identify heavy metal sources in soils 


A. FACCHINELLI, E. SACCHI, L. MALLEN (Italy) 
Multivariate statistics and GIS were successful in identifying heavy metal sources on a regional scale. 


325 Biochemical changes in needles of Pinus radiata D. Don trees in relationship to long-term ozone exposure indices 


1. CALZADA, J. MESANZA, H. CASADO, F.J. CASTILLO (Spain) 
Peroxidase activity is a short-term indicator, ascorbate is an intermediate indicator and sulfhydryl is a long-term indicator of 


exposure of Pinus radiata to ozone 


337 = Intraspecific competition in populations of Helix aspersa with different histories of exposure to lead 


A. BEEBY, L. RICHMOND (Uk) 
A past exposure to Pb does not confer a competitive advantage to snails in growth trials. 


345 Rare earth elements in naturally grown fern Dicranopteris linearis in relation to their variation in soils in South-Jiangxi region 
(Southern China) 
W. ZHENGGUI, Y. MING, Z. XUN, H. FASHUI, L. BING, T. YE, Z. GUIWEN, Y. CHUNHUA (Peoples Republic of China) 
Dicranopteris linearis strongly absorbs rare earth elements at low concentrations, but a soil plant barrier prevents further uptake 


at higher concentrations. 


357 Selected trace metals in oysters (Crassostrea iridescens) and sediments from the discharge zone of the submarine sewage outfall in 
Mazatlan Bay (southeast Gulf of California): chemical fractions and bioaccumulation factors 
M. SOTO-JIMENEZ, F. PAEZ-OSUNA, F. MORALES-HERNANDEZ (Mexico) 
Levels of heavy metals in oysters near the sewage outfall are highest than those in uncontaminated areas. 


371 +The ability of apoplastic ascorbate to protect poplar leaves against ambient ozone concentrations: a quantitative approach 


L.W.A. VAN HOVE, M.E. BOSSEN, B.G. SAN GABINO, C. SGREVA (The Netherlands) 
Results indicate that differences between popular cultivars for ozone sensitivity are not due to differences in apoplastic ascorbate. 


383 Airborne uranium contamination — as revealed through elemental and isotopic analysis of tree bark 
D. BELLIS, R. MA, N. BRAMALL, C.W. MCLEOD, N. CHAPMAN (UK), K. SATAKE (Japan) 
Tree bark is an effective biomonitor for uranium, with isotopic analyses allowing discrimination between nuclear and non nuclear 


emissions. 


389 Accumulation status of persistent organochlorines in albatrosses from the North Pacific and the Southern Ocean 
K.S. GURUGE, M. WATANABE, H. TANAKA, S. TANABE (Japan) 
Higher concentrations of persistant organochlorines were found in albatrosses from the North Pacific than from those from the 


Southern Oceans. 


399 Full life-cycle toxicity assessment using rotifer resting egg production: implications for ecological risk assessment 
B.L. PRESTON, T.W. SNELL (USA) 
Partial life-cycle toxicity tests are not sufficient to detect ecologically relevant adverse effects of anthropogenic toxicants in an 


aquatic invertebrate. 


407 Changes in the leachability of metals from dredged canal sediments during drying and oxidation 
S.R. STEPHENS, B.J. ALLOWAY, A. PARKER, J.E. CARTER, M.E. HODSON (UK) 
Metal mobilization from contaminated dredged sediments is enhanced by drying and oxidation. 


415 Levels of short and medium chain length polychlorinated n-alkanes in environmental samples from selected industrial areas in 
England and Wales 


C.R. NICHOLLS, C.R. ALLCHIN, R.J. LAW (UK) 
Polychlorinated n-alkanes are ubiquitous and linked to industrial areas in the UK. 


431 A comparison of indigenous mosses and topsoils for use in monitoring atmospheric heavy metal deposition in Galicia (northwest 
Spain) 
J.A. FERNANDEZ, A. CARBALLEIRA (Spain) 
Moss samples were more effective than soil samples for assessing metal burdens. 


443 Response of mosses to the heavy metal deposition in Poland — an overview 


K. GRODZINSKA, G. SZAREK-LUKASZEWSKA (Poland) 
Using results from annual surveys, levels of heavy metals in a moss species have been shown to be declining since 1975. 


453 Sodic soils reclaimed with by-product from flue gas desulfurization: corn production and soil quality 


S. CHUN, M. NISHIYAMA, S. MATSUMOTO (Japan) 
Application of by-product from flue gas desulfurization to sodic soils has the potential to provide growth benefit to a commercially 


important production of plants with solving the acid rain problem. 
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Airborne heavy metal pollution and its effects on foliar elemental composition of Empetrum hermaphroditum and Vaccinium myrtillus in 


Sor-Varanger, northern Norway 


C. UHLIG, O. JUNTTILA (Norway) 
Two species of Empetrum and Vaccinium differed in uptake of metals and calcium, with some uptake levels suggesting possible 


future phytotoxic effects. 


Biological monitoring: lichens as bioindicators of air pollution assessment — a review 


M.E. CONTI, G. CECCHETTI (Italy) 
Lichen species may be used as biological monitors for environmental prevention programs. 
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Nondestructive indices of trace element exposure in squamate reptiles 
W.A. HOPKINS, J.H. ROE, J.W. SNODGRASS, B.P. JACKSON, D.E. KLING, C.L. ROWE, J.D. CONGDON (USA) 
Nondestructive sampling techniques, such as blood samples and tail clips, can be used to evaluate the accumulation of pollutants 


on reptiles. 


The effect of salinity on the emergence and seedling growth of Picea mariana, Picea glauca, and Pinus banksiana 


C. CROSER, S. RENAULT, J. FRANKLIN, J. ZWIAZEK (Canada) 
Seed of three conifer species varied in germination and seedling growth in relation to sources and concentrations of salinity. 


Cd and Zn concentrations in small mammals and willow leaves on disposal facilities for dredged material 
J. MERTENS, S. LUYSSAERT, S. VERBEEREN, P. VERVAEKE, N. LUST (Belgium) 
Elevated Cd and Zn concentrations in willow leaves and high Cd concentrations in small mammals, indicate potential adverse 


effects of dredged materials for ecosystems. 


A field study on EROD activity and quantitative hepatocytological changes in an immature demersal fish 


D.W.T. AU, R.S.S. WU (Hong Kong) 
Cytological changes in the fish Solea ovata may serve as markers for exposure to PAHs and PCBs. 


Heavy metal solubility in podzolic soils exposed to the alkalizing effect of air pollutants 
H. HAAPALA (Finland), N. GOLTSOVA (Russia), M. LODENIUS (Finland) 
Both acidic and alkaline pollutants must be reduced to prevent availability of heavy metals. 


Genotoxic damage in free-living Algerian mouse (Mus spretus) after the Coto Donana ecological disaster 
C. TANZARELLA, F. DEGRASSI, M. CRISTALDI (Italy), S. MORENO (Spain), A. LASCIALFARI, G. CHIUCHIARELLI, L.A. IERADI (Italy) 
Frequencies of micronuclei in Algerian mouse at sites affected by acidic waste in the Donana National Park in Spain. 


Multiple effects of chromate on the photosynthetic apparatus of Spirodela polyrhiza as probed by OJIP chlorophyll a fluorescence 


measurements 
K.-J. APPENROTH, J. STOCKEL (Germany), A. SRIVASTAVA, R.J. STRASSER (Switzerland) 


Chromate affected several targets of photosystem I/ of Spirodela polyrhiza. 


Gross fluxes and estuarine behaviour of pesticides in the Scheldt Estuary (1995-1997) 
R.J.C.A. STEEN, J. VAN DER VAART, M. HIEP, B. VAN HATTUM, W.P. COFINO, U.A.T. BRINKMAN (The Netherlands) 
Flux measurements are made for a range of pesticides and related to usage, catchment features and compound properties. 


Occurrence of butyltin compounds in the waters of selected lakes, rivers and coastal environments from China 
J. GUI-BIN, Z. QUN-FANG, L. JI-YAN, W. DI-JING (China) 
There is widespread occurrence of butyltin compounds in the Chinese aquatic environment. 


The use of sediment analogues to study the uptake of pollutants by chironomid larvae 
K. SIMKISS, N.A. DAVIES, P.A. EDWARDS, M.A.M. LAWRENCE, M.G. TAYLOR (Uk) 
The use of resin beads as sediment analogues reveals the routes of uptake and metabolism of pollutants by midge larvae. 


Evidence of coprostanol estrogenicity to the freshwater mussel E/liptio complanata 
F. GAGNE, C. BLAISE, B. LACHANCE, G.I. SUNAHARA, H. SABIK (Canada) 
Pollutants in urban runoff affect the reproductive physiology of freshwater mussels. 


Comparative studies on the biokinetics of Cd, Cr, and Zn in the green mussel Perna viridis and the Manila clam Ruditapes philippinarum 


K. CHONG, W.-X. WANG (Hong Kong) 
A biokinetic modeling study showed that both dissolved uptake and dietary ingestion can contribute to metal accumulation in tw 


bivalves from tropical and subtropical waters. 


Lysosomal and lipid alterations in the digestive gland of mussels, Mytilus galloprovincialis (L.) as biomarkers of environmental 


stress 
G.P. DOMOUHTSIDOU, V.K. DIMITRIADIS (Greece) 
Lysosomal and lipid alterations in mussels are very sensitive biomarkers. 
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139 Assessment of air pollution in Nagasaki city: determination of polycyclic aromatic hydrocarbons and their nitrated derivatives, and 
some metals 
M. WADA, H. KIDO, N. KISHIKAWA, T. TOU, M. TANAKA, J. TSUBOKURA, M. SHIRONITA, M. MATSUI, N. KURODA, 
K. NAKASHIMA (Japan) 
Concentrations of PAHs and NPAHs on airborne particles in Nagasaki were measured and related to traffic volume. 
Number 2 
149 Metals in sediments and the edible cockle Cerastoderma edule from two Moroccan Atlantic lagoons: Moulay Bou Selham and Sidi 
Moussa 
M. CHEGGOUR, A. CHAFIK (Morocco), W.J. LANGSTON, G.R. BURT (UK), S. BENBRAHIM (Morocco), H. TEXIER (France) 
Body burdens of lead, and to a lesser extent cadmium, in edible cockles, reflect sediment levels and may be useful in risk 
assessments. 
161. Dredging impact on an urbanized Florida bayou: effects on benthos and algal-periphyton 
M.A. LEWIS, D.E. WEBER, R.S. STANLEY, J.C. MOORE (USA) 
Impacts of dredging can be localized and of short duration. 
173 Theuse of benthic mesocosms for the assessment of sediment contamination 
R. FLETCHER, T.B. REYNOLDSON, W.D. TAYLOR (Canada) 
Community structure of mesocosms could be used to identify primary sources of impact. 
183 Maintenance of intact sediment box cores as laboratory mesocosms 
R. FLETCHER, T.B. REYNOLDSON, W.D. TAYLOR (Canada) 
Box cores can be brought back to the laboratory and maintained for up to 8 weeks, with little change in benthic fauna. 
191 Predicting groundwater nitrate concentrations in a region of mixed agricultural land use: a comparison of three approaches 
C.D.A. MCLAY, R. DRAGTEN, G. SPARLING, N. SELVARAJAH (New Zealand) 
Non-point source groundwater nitrate nitrogen contamination in the region reflects intensive agricultural practices in the area. 
205 Metal concentrations in Helix pomatia, Helix aspersa and Arion rufus: a comparative study 
C. MENTA, V. PARISI (Italy) 
Mucus secretions in slugs could serve as a vehicle for elimination of some metals. 
209 Kinetics of chromium (VI) reduction by a type strain Shewanella alga under different growth conditions 
H. GUHA, K. JAYACHANDRAN, F. MAURRASSE (USA) 
Successful bioremediation of Cr(VI) to Cr(Ill) depended on type of substrate and concentration of Cr(VI). 
219 A biological loss of endosulfan and related chlorinated organic compounds from aqueous systems in the presence and absence of 
oxygen 
T.F. GUERIN (Australia) 
Endosulfan, related OC pesticides, and major degradation products are studied in aquatic systems and factors influencing 
persistence, and implications to biodegradation studies are explored. 
231 Storage and distribution of trace metals and spheroidal carbonaceous particles (SCPs) from atmospheric deposition in the catchment 
peats of Lochnagar, Scotland 
H. YANG, N.L. ROSE, J.F. BOYLE, R.W. BATTARBEE (UK) 
Trace metals from atmospheric deposition accumulate in peat layers and can be dated, using spheroidal carbonaceous particle 
profiles. 
239 _—s Influence of extreme pollution on the inorganic chemical composition of some plants 
C. REIMANN (Norway), F. KOLLER (Austria), G. KASHULINA (Russia), H. NISKAVAARA (Finland), P. ENGLMAIER (Austria) 
Analyses of nine different plant species indicated that each enriched or excluded different elements. 
253 Evaluation of cadmium and other metal losses from various municipal wastes during incineration disposal 
F.-S. ZHANG, S.-i. YAMASAKI, M. NANZYO, K. KIMURA (Japan) 
Increased use of incineration to reduce waste products results in higher cadmium and other trace metals in diets of Japanese 
people. 
261 Methane fluxes from differentially managed grassland study plots: the important role of CH, oxidation in grassland with a high 
potential for CH, production i 
C. KAMMANN, L. GRUNHAGE, H.-J. JAGER, G. WACHINGER (Germany) 
In grassland soils, the thin aerobic topsoil horizon had a very high methane oxidation potential. 
275 Fluoride accumulation in pasture forages and soils following long-term applications of phosphorus fertilisers 
P. LOGANATHAN, M.J. HEDLEY, G.C. WALLACE, A.H.C. ROBERTS (New Zealand) 
Phosphorus fertilisers increase the accumulation of F in surface soils without affecting plant uptake. 
283 Chlorophyll a fluorescence, antioxidant enzymes and lipid peroxidation in tomato in response to ozone and benomyl 


A. CALATAYUD, E. BARRENO (Spain) 
Benomy]! prevented the peroxidation of membrane lipids in Tiny Tim tomato and increased protection of photosystem II from 


ozone. 
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Phenolic xenoestrogens in surface water, sediments, and sewage sludge from Baden-Wirttemberg, south-west Germany 


U. BOLZ, H. HAGENMAIER, W. KORNER (Germany) 
Nine phenolic chemicals that mimic estrogens were found in surface water, sediments and sewage sludge. 


Arsenic accumulation in the liver tissue of marine mammals 


R. KUBOTA, T. KUNITO, S. TANABE (Japan) 
The authors feel that this is the first comprehensive study of arsenic accumulation in a wide range of marine mammal species. 


Short communication 


313 Sampling optimization, at site scale, in contamination monitoring with moss, pine and oak 
J.R. ABOAL, J.A. FERNANDEZ, A. CARBALLEIRA (Spain) 
A minimum of thirty sampling units should be collected from a study area. 
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Special issue preface 
D.F. KARNOSKY (USA) 


Growth and crown architecture of two aspen genotypes exposed to interacting ozone and carbon dioxide 


R.E. DICKSON, M.D. COLEMAN, P. PECHTER, D. KARNOSKY (USA) 
Ozone decreased wood strength caused terminals and long shoots to droop and increased the branch angle of termination. 


The likely impact of rising atmospheric CO» on natural and managed Populus: a literature review 


B. GIELEN, R. CEULEMANS (Belgium) 
Poplars are likely to benefit from rising atmospheric CO2 concentrations. 


Growth responses of Populus tremuloides clones to interacting elevated carbon dioxide and tropospheric ozone 
J.G. ISEBRANDS, E.P. MCDONALD, E. KRUGER, G. HENDREY (USA), K. PERCY (Canada), 


K. PREGITZER, J. SOBER, D.F. KARNOSKY (USA) 
Elevated ozone negates expected positive growth effects of elevated CO2 in Populus tremuloides in the field. 


Limitations and perspectives about scaling ozone impacts in trees 


T.E. KOLB (USA), R. MATYSSEK (Germany) 
Current factors that cause inconsistent results in scaling ozone effects from individual leaves to mature trees are reviewed. 


Consequences of elevated carbon dioxide and ozone for foliar chemical composition and dynamics in trembling aspen (Populus tre- 


muloides) and paper birch (Betula papyrifera) 
R.L. LINDROTH, B.J. KOPPER, W.F.J. PARSONS, J.G. BOCKHEIM, D.F. KARNOSKY, G.R. HENDREY, 


K.S. PREGITZER, J.G. ISEBRANDS, J. SOBER (USA) 
Elevated CO2 resulted in changes in chemical foliar composition that are likely to impact herbivory and decomposition 


Selection effects of air pollution on gene pools of Norway spruce, European silver fir and European beech 
R. LONGAUER, D. GOMORY, L. PAULE (Slovakia), D.F. KARNOSKY (USA), B. MANKOVSKA (Slovakia), 
G. MULLER-STARCK (Germany), K. PERCY (Canada), R. SZARO (Austria) 

Damaged trees had higher levels of genetic multiplicity and diversity. 


Foliar antioxidant status of adult Mediterranean oak species (Quercus ilex L. and Q. pubescens Willd.) exposed to permanent CO,- 


enrichment and to seasonal water stress 
R. MARABOTTINI (Italy), C. SCHRAML (Germany), A.R. PAOLACCI, A. SORGONA’, A. RASCHI (Italy), 


H. RENNENBERG (Germany), M. BADIANI (Italy) 
Water-stressed trees exposed to elevated CO> had higher catalase and ascorbate peroxidase activities than 


water-stressed contro! trees. 


Simulating the growth response of aspen to elevated ozone: a mechanistic approach to scaling a leaf-level model of ozone effects on 


photosynthesis to a complex canopy architecture 
M.J. MARTIN, G.E. HOST, K.E. LENZ, J.G. ISEBRANDS (USA) 
A process model is described that predicts the relative effects of ozone on the growth of an ozone-sensitive aspen clone. 


Impacts of elevated CO. and/or O3 on leaf ultrastructure of aspen (Populus tremuloides) and birch (Betula papyrifera) in the Aspen 


FACE experiment 
E. OKSANEN (Finland), J. SOBER, D.F. KARNOSKY (USA) 
Elevated ozone and CO2 concentrations had varying effects on leaf ultrastructure of aspen and birch. 


Interactive effects of CO2 and O3 on a ponderosa pine plant/litter/soil mesocosm 
D.M. OLSZYK, M.G. JOHNSON, D.L. PHILLIPS, R.J. SEIDLER, D.T. TINGEY, L.S. WATRUD (USA) 
Interactive effects of CO2 and O3 for the ponderosa pine plant/litter/soil system were demonstrated. 


| 


463 


473 


Papers Published in Volumes 111-115 / Environmental Pollution 115 (2001) ITI-X1X XIX 


Increased leaf area expansion of hybrid poplar in elevated CO». From controlled environments to open-top chambers and to FACE 
G. TAYLOR (UK), R. CEULEMANS (Belgium), R. FERRIS, S.D.L. GARDNER (UK), B.Y. SHAO (Belgium) 
Enhanced leaf area development was a consistent response to elevated CO>2, but declined in magnitude with time. 


Effects of elevated COz and O3 on aspen clones varying in O3 sensitivity: can CO2 ameliorate the harmful effects of O3? 
B.A. WUSTMAN (USA), E. OKSANEN (Finland), D.F. KARNOSKY, A. NOORMETS, J.G. ISEBRANDS, 
K.S. PREGITZER, G.R. HENDREY, J. SOBER, G.K. PODILA (USA) 

Elevated COz did not ameliorate all of the adverse effects of O3. 


